abstract PURPOSE Head and neck cancer is the sixth most common cancer in the world, and the largest burden occurs in developing countries. Although the primary risk factors have been well characterized, little is known about temporal trends in head and neck cancer across Thailand.
INTRODUCTION
Worldwide, head and neck cancer (HNC) accounts for more than 550,000 occurrences and 300,000 deaths each year, 1,2 and the 5-year overall survival rate is a dismal 40% to 50%.
3 HNC is the sixth most common cancer in the world, 4 and the highest incidence is observed in South and Southeast Asia. 5, 6 Many of these occurrences are attributed to use of betel quid, although there have been no systematic studies of risk factors for this set of cancers within these regions of the world. In the Western world, decreased combustible tobacco use and increased human papillomavirus (HPV) prevalence have allowed epidemiologic shift that has highlighted the role of high-risk HPV strains in head and neck squamous cell carcinoma (HNSCC) pathology. 7, 8 This subset of the disease is seen more often in younger patients and most commonly presents in the oral cavity, tongue, and oropharynx. 9, 10 However, most of these data are from Western countries, and little knowledge exists about the presentation and prevalence of this important etiologic factor in other high-incidence areas, such as Thailand.
A first step to address the burden of HNC in Southeast Asia is to analyze surveillance data for trends in the incidence of HNSCC. In the past few decades, rapid socioeconomic development has allowed improved control of communicable diseases, which resulted in the emergence of cancer as the leading cause of death. 11 Thailand has an efficient universal health care system that, among many other benefits, facilitates the collection of health statistics. 12 Subsequently, Thailand's high-quality cancer statistics are obtained and managed by 16 province-and regional-based registries that build on the health care infrastructure. 13 In addition, the sociocultural factors in Thailand are similar to those in surrounding countries; thus, incidence trends may reflect regional changes in HNSCC.
Here, we take advantage of data available from the Thai Cancer Information Network to evaluate incidence trends in four areas of Thailand. We identified evidence for increases in HPV-associated oropharyngeal cancer similar to those seen in the United States and noted overall decreases in cancers historically associated with smoking and alcohol across all study sites.
METHODS
HNSCC incidence data available from 1990 to 2014 were obtained from the Songkhla, Khon Kaen, Lampang, and Chiang Mai cancer registries and were compared with those found in the US SEER program (Fig 1) . [14] [15] [16] [17] [18] Each Thai registry has case ascertainment of approximately 90% within the catchment area. 19 Chiang Mai, which was the first cancer registry established in Thailand, has actively obtained cancer occurrences from all provincial hospitals within the province since 1983. 20 Lampang passively collects data from cancer centers and all public and private hospitals within the province. 21 Khon Kaen, which represents an estimated third of the overall population of Thailand, collects data from all care facilities using both active and passive methods. 22 The province of Songkhla has a population-based registry that was established in 1989 and that is managed by the Prince of Songkla University. 23 Finally, the US SEER database, which was established in 1973, uses both passive and active data collection (Appendix Table A1 ). All registries provide data for the Cancer Incidence in Five Continents repository of the International Agency for Research on Cancer. 24 Inclusion criteria for case selection was based upon International Classification of Disease, (10th edition; ICD10) codes. Site-specific cancers were defined by the following codes: oral cavity (C00, C03-C06), tongue (C01-C02), pharynx (C09-C10, C12-C14), and larynx (C32). Overall HNSCC incidence was calculated as the sum across all subsites. In addition to diagnosis, patient case information included the following: age, sex, date of diagnosis, stage, histology, and morphology. For the Thai data, population denominators by registry, year, age, and sex were based upon decennial census data from 1990, 2000, and 2010, which were obtained by the Thai National Statistical Office. 25, 26 Annual intercensal population structures for the various provinces were estimated by 5-year sex-specific age groups using a log-linear function between successive censuses. Population counts beyond 2010 were estimated by the Office of the National Economic and Social Development Board. 27, 28 Population denominators for the SEER data were obtained from SEER*Stat 8.3.5 and were based upon the US Census Bureau Population Estimates Program.
18,29
Data were analyzed using R statistical software, version 3.3.3. 30 To assess sex-specific HNSCC trends, annual percent change (APC) was calculated using age-adjusted incidence rates in the Joinpoint regression model, version 4.5.0. 1. 31 This software uses a Monte Carlo permutation method to assess the number of joinpoints, slope in the trends, and their significance. 32 When no patient cases were present within a given year, a half-case was added to the age strata with the largest population to enable computation on the log-linear scale. 14, 32 This method was repeated for all subsites, standardized to the Segi (1960) world population for comparability. 33, 34 Additional exploratory analyses using stratified linear regression models were conducted to assess temporal trends in earlier-onset HNSCC across 20-year age groupings.
RESULTS
Between 1990 and 2014, 91,491 occurrences of HNSCC were reported in the United States; 2,938, in Chiang Mai; 2,158, in Khon Kaen; 2,947, in Songkhla; and 1,202, in Lampang. The distribution of age at diagnosis was relatively similar across all study sites, and means ranged from 61 to 67 years old. HNSCC incidence was higher among men than women in all registries except Khon Kaen, where women represented 50.14% of the observed cancer occurrences. In the United States, Chiang Mai, and Lampang, laryngeal cancer accounted for the highest proportion of HNSCC among men, whereas oral cavity and pharynx cancers were predominant in Khon Kaen and Songkhla, respectively. Among women, oral cavity cancers contributed the greatest case burden across all registries (Table 1) . Fig 2) .
Khon Kaen women and Songkhla men had the highest oral cavity cancer rates: the EASR 1990-2014 was 3.8 per 100,000 for both. Although oral cavity cancers contributed the greatest proportion of HNSCC occurrences among women, the incidence of these cancers has declined across all registries; significant decreases were observed in Songkhla (APC, −5.1; 95% CI, -6.8 to −3.4), Khon Kaen (APC, −4.6; 95% CI, −6.0 to −3.1), Lampang (APC, −3.1; 95% CI, −5.4 to −0.8), and the United States (APC, −1.8; 95% CI, −2.1 to −1.5). Similarly, trends among men also noted reductions in oral cavity cancer incidence, particularly in Songkhla (APC, −2.1; 95% CI, −3.4 to −0.8), Khon Kaen (APC, −2.6; 95% CI, −4.5 to −0.7), and Lampang (APC, −3.1; 95% CI, −5.8 to −0.3; Fig 2) .
Pharyngeal cancer rates were highest among US women (EASR 1990-2014 , 1.0 per 100,000) and Songkhla men (EASR 1990-2014 , 5.1 per 100,000). Decreased incidence rates were noted among Chiang Mai women (APC, −8.2; 95% CI, −9.9 to −6.4) as well as both women (APC, −4.0; 95% CI, −7.0 to −0.9) and men (APC, −4.5; 95% CI, −6.1 to −2.8) in Lampang. Conversely, increases in pharyngeal cancer incidence were found among men in Khon Kaen (APC, 2.1; 95% CI, 0.4 to 3.8) and the United States from 2002 to 2014 (APC, 2.2; 95% CI, 1.5 to 3.0). Tongue cancer rates were highest among US women (EASR 1990-2014 , 1.2 per 100,000) and Songkhla men (EASR 1990 (EASR -2014 , 3.9 per 100,000). These rates were significantly increased among US women (APC, 0.8; 95% CI, 0.4 to 1.2) and men from 1998 to 2014 (APC, 2.4; 95% CI, 1.9 to 2.9). A suggested increase in incidence of tongue cancer was observed among Lampang men and among both sexes in Khon Kaen and Chiang Mai, but these trends did not reach statistical significance (Fig 2) . Fig 2) .
DISCUSSION
In this study, we found that HNSCC occurrences decreased across four registries in Thailand as well as the United States, and we noted distinct variability across anatomic subsite, sex, and geographic location. Although the vast majority of these changes may be attributed to antismoking campaigns, changes in policy, and consequent shifts in risk behaviors, evidence also seems to suggest the growing impact of HPV-related etiology on increasing oropharyngeal cancer incidence in Thailand and the United States.
HNC comprises highly heterogeneous cancers, with global incidence reflective of trends in tobacco and alcohol use 35, 36 and sexual norms. 37, 38 As these risk behaviors change over time, the site-specific incidence that contributes to overall HNC trends reflects these changes in a population-and sex-specific manner. In 1990, the largest proportion of HNSCC among men was observed in the larynx in the United States and Lampang (EASR 1990 , 6.40 and 1.89 per 100,000, respectively), oral cavity in Khon Kaen and Songkhla (EASR 1990 , 2.09 and 4.97 per 100,000, respectively), and pharynx in Chiang Mai (EASR 1990 , 6.67 per 100,000). In contrast, in 2014, the largest drivers of HNSCC among men shifted to pharyngeal cancer in the United States, Songkhla, and Chiang Mai (EASR 2014 , 4.54, 4.70, and 2.33 per 100,000, respectively) and tongue cancer in Khon Kaen and Lampang (EASR 2014 , 1.62 and 1.83 per 100,000, respectively). Among women, oral cavity cancers seem to have historically predominated HNSCC incidence across all registries and, though to a lesser degree, continue to do so in Khon Kaen, Chiang Mai, and Lampang. Conversely, in the United States and Songkhla, these trends seem to have shifted in recent years as a result of a decrease in oral cavity incidence and an increase in tongue cancer incidence. Nevertheless, HNSCCs among women have greatly decreased across all Thai registries, whereas such observations are less apparent among men.
Although an estimated 7% of oral cavity cancers in the United States are attributed to chewing tobacco, 39 the practice of chewing betel quid-which includes areca nut, slaked lime, betel leaf, and often tobacco-is widely prevalent throughout Thailand. A study conducted in A ASR (per 100,000) 
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Northeastern Thailand found that ever chewers of betel quid had a 9.01-fold increased risk of oral cancer compared with never chewers in multivariable analyses 40 ; numerous other studies also have implicated betel quid use in the etiology of oral cavity cancer. [40] [41] [42] [43] [44] [45] Several studies from Northeastern Thailand have demonstrated the high prevalence of betel use among women, often as a social activity and particularly among older generations. 42, 45, 46 Conversely, chewing tobacco use among women in the United States has historically been low; according to the National Survey on Drug Use and Health, an estimated 0.5% of adult women used smokeless tobacco in the United States in 2016. 47 After years of education and political campaigns to decrease betel quid use in Thailand, recent data show declines in this risk behavior, especially among younger populations. 13, 42 The impact of this cultural shift is apparent in the consistent decreases in oral cavity cancers, particularly among women-most notably in Khon Kaen, where the incidence reduced by one third, from an EASR 1990 of 6.37 per 100,000 to an EASR 2014 of 2.08 per 100,000 (APC, −4.6; 95% CI, −6.0 to −3.1).
Tobacco use has long been considered the leading cause of HNSCC, often working synergistically with alcohol consumption. 48, 49 A study in the International Head and Neck Cancer Epidemiology Consortium estimated that approximately 90% of patients with HNSCC have a history of tobacco use, 50 which confers a 10-fold increase in laryngeal cancer risk and a four-to five-fold increase in hypopharynx, oropharynx, and oral cavity cancer risk. 51 Risk is dose dependent in nature, 50, 52 so several studies have suggested smoking cessation to reduce the risk of HNSCC. 53, 54 In the United States, increased societal awareness and support for combustible tobacco control has led to a decrease in cigarette consumption 55, 56 and, consequently, laryngeal cancer rates; the APC is −2.8% (95% CI, −3.0 to −2.5) among men and −2.7% (95% CI, −3.2 to −2.3) among women. Beginning in 1991, Thailand was the first nation in Asia to implement strong tobacco control policies. 57, 58 Since then, numerous regulations, including bans on advertisement and smoking in certain public places, health warnings, and taxation, have been put in place. 59, 60 As a result of these aggressive control methods, the overall smoking rate in Thailand has decreases from 30% in 1976% to 19.9% in 2013 61 ; lung cancer rates, particularly in Northern Thailand, have also decreased. 62 As demonstrated in Figure 2 , the EASR of laryngeal cancer among women in Thailand has been, and remains, relatively low, and observed decreases are noted across all registries. In addition to the aforementioned control methods, cultural norms in Thailand have historically resulted in women abstaining from smoking and drinking. 13, 61 Interestingly, a comparison of reported alcohol consumption rates in Thailand between 2003 to 2004 and those in 2008 to 2009 demonstrated decreased drinking rates among young men and increasing rates among young women, which points to a potential change in cultural practices. 63, 64 Although inconsistent across time, significant decreases in laryngeal cancer incidence can be observed among men in Lampang; the APC was −11.8% (95% CI, −19.3 to −3.5) from 2007 to 2014. Chiang Mai also shows decreased incidence of laryngeal cancer among men, but these trends did not reach statistical significance; trends in both Khon Kaen and Songkhla remained stagnant.
Historically, tongue and pharyngeal tumors have been associated with risk factors similar to other HNSCC sites, such as combustible tobacco and alcohol. 52, 65 An etiologic shift in oropharyngeal tumors in the United States has led to increased global awareness of high-risk HPV as a causal factor in carcinogenesis of these sites, and current prevalence estimates in the United States are near 80%. 8, [66] [67] [68] [69] [70] [71] [72] Although pharyngeal cancer incidence rates varied widely across the different registries, tongue cancer rates seemed to increase across all registries except in both men and women in Songkhla and women in Lampang. Studies to assess the differences in HPV-positive and -negative HNSCC demonstrated an increase in HPV-positive tumors among younger cohorts who had a lower smoking prevalence and multiple sexual partners. 72 In an exploratory analysis to assess the change in incidence of tongue and pharynx cancer among younger individuals (, 60 years old), we found notable increases in tongue cancer across all registries as well as in pharyngeal cancer in Khon Kaen men (Table 2) . A sensitivity analysis to assess these trends in the oropharynx, as defined by ICD10 codes C01, C02.4, C09.0-09.9, and C10.0-10.9, demonstrated large increases in incidence rates among Khon Kaen men age 30 to 39 and 50 to 59 years, Khon Kaen women age 40 to 49 years, Songkhla women age 50 to 59 years, and Lampang women age 30 to 39 years (data not shown). 8 To date, there have been only two studies conducted in the Thai population to assess HPV prevalence in HNSCC-both in the oral cavity. 73, 74 The more recent of the two studies used 146 archival tissue samples of oral squamous cell carcinoma and found that 56.2% were positive for high-risk HPV and that 43.8% expressed HPV E6/E7 mRNA. 73 This study was the first, to our knowledge, to assess HNSCC trends across multiple registries in Thailand compared with the United States. Although data obtained from populationbased registries allow extrapolation of results to the pertinent provinces, it is difficult to approximate the number of unreported occurrences of cancer, particularly among those living in rural villages. The introduction of universal health coverage by the Thai National Health Security Office in 2002 allowed improved access to care, which led to a presumed increase in case ascertainment and, consequently, increased incidence trends. In this study, however, we did not observe any notable changes in incidence between the periods before and after the introduction of this policy, and we primarily observed decreases in overall HNSCC incidence. 
The comparison of trends across different registries poses challenges because of the variability not only in data collection methods but also in population composition. Although Thailand registries boast high-quality data collection 16, 19 with methods that vary from passive to active to a combination of the two, 20-23 analyses of incidence near the inception of a given registry may lead to concerns about data reliability; this is particularly relevant in Lampang, where registry data before 1993 were collected retrospectively and may be biased toward cases of patients who were alive when the registry was foundation. Nevertheless, this study assessed HNSCC trends across 24 years to result in comprehensive temporal analyses. Finally, changes in population structure have become increasingly apparent across Thailand, with rural to urban migration of individuals within Thailand as well as immigration into the country. 75, 76 Although HNSCC seems to be decreasing across Thailand and the United States, there is evidence to suggest that the increase in high-risk HPV-associated oropharyngeal cancers previously reported in the United States may also be relevant in Thailand. HPV-positive tumors have been more responsive to treatment, which ultimately led to suggested restaging and, consequently, less aggressive treatment of these lesions by the American Joint Committee on Cancer. 77 Because of the younger-onset nature of these lesions, de-escalation of treatment may lead to improvements in morbidity and mortality of patients. With the potential increase in HPVpositive tumors in Thailand, additional molecular studies are necessary to evaluate oropharyngeal etiology and improve public health practice and treatment protocols across Thailand.
